Background-Although echocardiography is used in diagnosis and management of myocardial infarction, it has not been established whether specific features of cardiac structure or function early in the course of cardiogenic shock provide prognostic value. The purposes of this substudy of the SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK (SHOCK) trial were to describe the echocardiographic features of cardiogenic shock, identify findings on early echocardiograms associated with outcome, examine the interaction of such features with treatment, and determine whether these features could provide insights into the survival benefit observed with early revascularization and guide selection of patients for this strategy. Methods and Results-One hundred seventy-five echocardiograms performed within 24 hours of randomization to the early revascularization (ERV) or initial medical stabilization (IMS) arms of the trial were submitted for quantitative assessment, and 169 were suitable for analysis. The 2 groups were similar in terms of clinical and early echocardiographic characteristics. Mean left ventricular ejection fraction (LVEF) was 31%, and moderate or greater mitral regurgitation (MR) was noted in 39.1%. On multivariate analysis, the only independent predictors of survival were MR severity and LVEF. A survival benefit for the ERV strategy was observed at all levels of LVEF and MR. Conclusions-A wide range of cardiac structural and functional abnormalities exists in patients presenting with acute cardiogenic shock. Both short-and long-term mortality appear to be associated with initial left ventricular systolic function and MR as assessed by echocardiography, and a benefit of ERV is noted regardless of baseline LVEF or MR. (Circulation. 2003;107:279-284.) 
D espite advances in treatment of myocardial infarction (MI), the incidence of cardiogenic shock after MI remains relatively unchanged, and it remains a major cause of death in patients hospitalized with acute MI. [1] [2] [3] [4] Although predictors of cardiogenic shock have been determined, 5 there are limited data on early markers of outcome in this disease. Although echocardiographic evaluation is widely used in MI, assessing its value acutely in cardiogenic shock has been more challenging, and thus it has not been established whether specific features of cardiac structure or function early in the course of cardiogenic shock provide prognostic value.
The SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK (SHOCK) trial, an international, randomized trial of acute treatment in cardiogenic shock, demonstrated a 6-month and 1-year survival benefit for patients who were assigned to early emergency revascularization compared with initial medical stabilization. 6, 7 Echocardiograms were performed both on entry and again later, thus offering a unique opportunity to assess their value and better understand the pathophysiology of this disease. The purposes of this prospectively designed substudy of the SHOCK trial were to identify the echocardiographic features of cardiogenic shock, identify findings on early echocardiograms that are associated with mortality after cardiogenic shock, assess the interaction of such findings and treatment, and determine whether any of these echocardiographic features could provide insights into the survival benefit observed with early revascularization and guide the selection of patients for this strategy.
Methods

Trial Design
The trial design has been described in detail elsewhere. 6,8 Briefly, from 1993 6,8 Briefly, from to 1998 acute MI patients at 30 sites were randomized within 12 hours of cardiogenic shock diagnosis to either early emergency revascularization (ERV) or initial medical stabilization (IMS). The trial focused on shock due to left ventricular (LV) failure. Cardiogenic shock was strictly defined on both a clinical and hemodynamic basis. Those with shock due to predominant severe mitral regurgitation (MR), isolated right ventricular (RV) shock, or other mechanical complication were prospectively excluded from the trial, because management of these conditions differs from LV shock. For the ERV, PTCA or CABG had to be performed within 6 hours of randomization; intra-aortic balloon counterpulsation (IABP) was recommended. For patients randomized to IMS, intensive medical therapy was required, and IABP and thrombolytic therapy were recommended. Delayed revascularization at a minimum of 54 hours after randomization was recommended for IMS patients if clinically appropriate. The study was designed and powered to detect an absolute 20% difference in overall mortality at 30 days. One-year mortality was a secondary end point.
Echocardiography
During the last 4 years of the trial, 2D transthoracic echocardiograms were performed on each patient within 24 hours of randomization and again at least 7 days later or within 2 days of discharge. Eighty-five percent of early echocardiograms were performed while the patient was supported with at least 1 of the following measures: IABP, dopamine, or norepinephrine. The echocardiograms were analyzed at the core laboratory in 2 stages: a qualitative and quantitative assessment. The assessments were performed by core laboratory physicians (M.H.P., R.D., L.A.M.) blinded to patient clinical status, treatment group, time of echocardiogram, and outcome.
The qualitative review included a complete evaluation of size and function of each ventricle and all valves in addition to LV regional wall motion assessment. Regional wall motion was scored by a 20-segment model with hyperkinetic segments graded as 0, normal as 1, mild hypokinesis as 1.5, moderate hypokinesis as 2.0, severe hypokinesis as 2.5, and akinesis/dyskinesis as 3. A total score for regional wall motion was calculated as the sum of all segment scores. Separate scores were calculated for infarct and remote zones. A wall-motion score index was calculated by dividing the wall-motion score by number of segments visualized. Color Doppler of MR was graded with a 0 to 4 scale (0ϭnone, 1ϭmild, 2ϭmoderate, 3ϭmoderate to severe, and 4ϭ severe). Mitral valve leaflet geometry and morphology were assessed for presence of leaflet prolapse, flail, and incomplete closure.
Quantitative analysis was then performed on echocardiograms of sufficient quality. Measurements included right and left atrial dimensions, LV dimensions, LV volume, LV ejection fraction (EF), RV function, extent of LV endocardium involved by wall-motion abnormality, LV sphericity index, and mitral valve annular dimensions. 9, 10 LV volumes were measured by the method of discs from orthogonal apical views. The sphericity index was calculated as a ratio of the LV midventricular dimension (in the apical 4-chamber view) and the long-axis dimension. 11 Doppler indices of LV filling were obtained from pulse-wave Doppler at the tips of the mitral valve and included E-and A-wave peak velocities, time velocity integrals, acceleration time, and deceleration time. RV function was measured both by the descent of the base method and as an area change. 12, 13 In 35% of ERV patients, the initial echocardiogram, although performed within 24 hours of randomization, was performed after the revascularization procedure. These 29 cases were excluded from the analyses except where noted.
Statistical Analysis
Treatment group differences in baseline patient and echocardiographic characteristics were compared by Student's t test and the Wilcoxon rank-sum test for continuous variables, Fisher's exact test for categorical variables, and the Mantel-Haenszel test for linear trend for ordered categorical variables (number of diseased vessels). Descriptive statistics are presented as meanϮSD (median for skewed variables) or as percentages. Spearman correlation coefficients were used to estimate association between LVEF and other echocardio-graphic measures and echocardiographic measures versus timing of the echocardiogram. Logistic regression was used to examine the association of 30-day and 1-year survival with echocardiographic measures. All measures with a univariate probability value Ͻ0.20 were considered for inclusion in a multivariate model for survival. Kaplan-Meier curves were generated to demonstrate survival differences between patient subgroups defined by independent risk factors for death. One patient in the IMS group was lost to follow-up and excluded from 1-year survival analyses. Analyses were conducted with Statistical Analysis System 14 and S-Plus software. 15
Results
Patient Characteristics
Of the 274 echocardiograms evaluated at the core laboratory, 175 were performed within the first 24 hours of randomization. During this period of the trial, a total of 221 patients were randomized. Ninety-seven percent of the early echocardiograms were acceptable for qualitative and 73% for quantitative analysis. Among the 169 acceptable for qualitative analysis, the early echocardiograms were performed at a median 0.2 hours from randomization and the later echocardiogram at 13 days.
Of the early echocardiograms suitable for analysis, 82 were from the ERV group and 87 from the IMS patients. The characteristics of the patients with early echocardiograms were similar in terms of age, sex, rate of transfer admissions, and timing of shock and the echocardiograms (Tables 1 and  2 ). Although the prevalence of most risk factors was similar, diabetes was more frequently noted in the ERV group, whereas more subjects in the IMS group had prior CABG. As seen with all 302 patients in the trial, a difference in 30-day mortality was noted in favor of ERV, but this did not meet statistical significance. Similar to the entire trial population, at 6 months and 1 year, there was an absolute difference in survival between groups. However, this did not reach statistical significance in this smaller subset of patients. Table 3 depicts findings from the early echocardiogram. As expected, on presentation with cardiogenic shock, patients in both treatment arms exhibited significant degrees of global and regional LV dysfunction, but there was a wide range in the LVEF. Mean LVEF was 31Ϯ11%. No significant differences in LV size or function were noted between the 2 groups. RV function was diminished in both groups. The wall-motion scores reflect significant regional dysfunction in both groups. No differences were observed between treatments. Regional function in the infarct zone was markedly impaired, with a mean segmental score approaching 3 (representative of akinesis/dyskinesis).
Cardiac Structure and Function in Acute Cardiogenic Shock
MR of grades 2ϩ to 4ϩ was noted in 39.1% of patients. The degree of MR did not differ between treatment groups (ERV mean MR grade 1.4Ϯ0.9 versus IMS 1.3Ϯ0.9). Apical displacement of mitral leaflet coaptation, also known as incomplete mitral leaflet closure pattern, 16 was noted in 40% of those with grade 2ϩ to 4ϩ MR.
Echocardiographic Variables Associated With Survival
The significant echocardiographic univariate predictors of 30-day survival were LVEF and severity of MR. These same variables, as well as end-diastolic and end-systolic LV volume, were univariate predictors of 1-year survival ( Table  4 ). An LVEF cutoff of 28% is shown in the Table because it represents the median value. Furthermore, the separation of MR into those with less than grade 2ϩ and those with grade 2ϩ or higher provided the greatest discrimination between survivors and nonsurvivors.
From the early echocardiograms, the only independent multivariate predictors of either 30-day or 1-year mortality were MR severity (MR Ն2 versus Ͻ2: 1-year odds ratio for deathϭ6.64, Pϭ0.0003) and LVEF (LVEF Ͻ28%: 1-year odds ratio for death 4.04, Pϭ0.005). Figure 1 displays the survival curves for the 4 combinations of MR and LVEF. Regardless of treatment, an important survival difference was noted for those with no or mild MR and LVEF Ն28% (70% 1-year survival) compared with patients with 2ϩ to 4ϩ MR and LVEF Ͻ28% (10% 1-year survival).
Echocardiographic markers of regional function were associated with LVEF. By regression analysis, variables that were positively correlated with LVEF were number of myocardial segments in the remote zone (rϭ0.645, PϽ0.0001) and wall-motion score of this zone (rϭ0.59, PϽ0.0001). Variables that were negatively correlated with LVEF included end-diastolic volume (rϭϪ0.362, Pϭ0.0002), endsystolic volume (rϭϪ0.604, PϽ0.0001), total wall-motion score (rϭϪ0.56, PϽ0.0001), total wall-motion score index (rϭϪ0.67, PϽ0.0001), infarct zone wall-motion score (rϭ Ϫ0.619, PϽ0.0001), number of infarcted segments (rϭϪ0.597, Severity of MR appeared related to factors that influenced mitral leaflet closure geometry and the presence of the incomplete mitral leaflet closure pattern (Pϭ0.026). In addition, MR was associated with LV end-diastolic volume, because 63% of those with LV end-diastolic volume Ն140 mL had at least moderate MR, whereas 65% of those with LV end-diastolic volume Ͻ140 mL had MR graded as mild or less.
Effect of ERV
Although both MR and LVEF were predictive of survival in both the IMS and ERV groups, a treatment effect or benefit of ERV was observed regardless of baseline LVEF and MR. Figures 2 and 3 display the treatment effect of ERV on survival.
Twenty-nine of the 82 baseline echocardiograms in the ERV group were performed after revascularization and thus were not used in the initial analyses. When all echocardio-grams, regardless of timing, were examined in relation to the timing of revascularization (ie, hours before or after revascularization), LVEF (rϭ0.34, Pϭ0.011), end-diastolic volume (rϭϪ0.28, Pϭ0.03), and end-systolic LV volume (rϭϪ0.33, Pϭ0.016) correlated with this timing. Specifically, the endsystolic and end-diastolic volumes tended to be smaller and the LVEF higher on the baseline echocardiograms done after the revascularization procedure. Mean LVEF on ERV echocardiograms done before revascularization was 29Ϯ12%, whereas it was 39Ϯ13% after revascularization.
Discussion
The SHOCK trial is the first large-scale randomized trial of treatment of cardiogenic shock in which 2D echocardiograms were systematically performed early in the presentation. The results of this study demonstrate a wide range of cardiac structural and functional abnormalities in patients presenting with acute cardiogenic shock. Both short-and long-term mortality appear to be associated with initial LV systolic function and the severity of MR as assessed by echocardiography. These findings occurred regardless of treatment strategy. In addition, a survival benefit was observed for those randomized to ERV regardless of the LVEF or degree of MR on entry. Thus, although each of these findings on the early echocardiogram can help judge a patient's risk, they should not be used to deny the aggressive treatment strategy.
In these patients, LV systolic function appears to depend on the degree and severity of regional LV function, whereas LV dilation and the ability of the MV leaflets to close appropriately affect MR. Thus, prognostic factors in acute cardiogenic shock mirror those for less complicated MI. [17] [18] [19] [20] The prognostic importance of LVEF may not appear surprising in light of the prior studies of post-MI patients. 18 -20 However, in most reports examining the significance of LVEF after MI, LVEF assessment occurred later during the healing process, and the mean LVEF was higher than in the present trial. In our SHOCK population, mean LVEF was 31% at entry, and we found that mortality was higher when the LVEF determined by echocardiography at entry was lower than the median LVEF of 28%. A recent smaller, nonrandomized, retrospective review of shock patients treated with a variety of interventions has also shown that a similar LVEF cutpoint derived from echocardiograms performed after revascularization procedures is predictive of mortality. 21 Our initial LVEFs demonstrate a wide range, which may relate to the fact that many of the echocardiograms were performed with the patient on pharmacological or mechanical support. The large variation in LV size and function suggests that the pathophysiology of shock is complex and varied and requires further investigation.
Another important observation is the role of MR at entry as a predictor of death. Significant MR is not uncommon in the failing and/or large ventricle, and our clinical echocardiographic findings support prior experimental studies relating MR in the setting of ischemia/infarction to incomplete leaflet closure. 22 This apical displacement of the closure point of the leaflets can be due to displacement of the papillary muscles caused by LV enlargement and/or altered LV geometry 23, 24 or inadequate closure forces generated in systole by the failing ventricle. 25 Although it is difficult to directly compare our patients in shock to more stable post-MI populations, angiographic studies of patients both early 26 and late 27 after MI have shown that significant MR is an independent predictor of poorer outcome. In the SAVE trial, MR detected days after MI was associated with larger LV volumes and more extensive coronary artery disease, and the poorer outcome with MR was independent of ACE inhibitor treatment. 27 The findings of the importance of LV size, LVEF, and MR in the present study support a strategy of aggressive maneuvers to enhance forward LV stroke volume, reduce MR, improve regional and global LV systolic function, and attenuate LV remodeling in patients with cardiogenic shock caused by extensive LV dysfunction. Because the echocardiograms in the ERV cohort were performed at a range of times both before and after the revascularization, a comparison of the prerevascularization to postrevascularization echocardiograms allows us to speculate on potential effects of the intervention. The end-diastolic and end-systolic LV volumes were lower and the ejection fractions higher in patients whose echocardiograms were delayed until after revascularization. Although the echocardiograms in the present analysis were not paired for individual patients, these data suggest that acute revascularization results in relief of ischemia and recovery of ischemic myocardium without a prolonged stunning effect. The higher survival of the ERV group at 6 months and 1 year may relate to this rapid recovery of function resulting in reduced chronic pump failure and late arrhythmia.
In conclusion, in addition to its value in identifying causes for shock, echocardiography early in the course of cardiogenic shock can be used for risk stratification. Predictors of short-and long-term mortality from cardiogenic shock relate to LVEF and MR at presentation. The more extensive the regional dysfunction, the greater the adverse affect on global LV function. These abnormalities in function are associated with altered MV geometry that results in increased MR. ERV appears to rapidly enhance recovery of LV dysfunction, resulting in the potential for improved outcome. The improvement in survival with revascularization seen at all levels of LVEF and MR suggests that systolic function and valve dysfunction alone should not be used as reasons to withhold acute revascularization therapy.
